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Abstract 
Root system Visualization is one of the key researches for virtual plant. This research aimed at studying the root 
space structure of Jatropha curcas L. by bringing forward one kind of three-dimensional root modeling method based 
on geometrical model such as morphological characteristics and growth characteristic under different watering 
treatments. To realize three-dimensional shape reconstruction and visualization of simulation for root structure of 
Jatropha curcas L., the paper takes the Lynch's SimRoot configuration model as geometry model according to the 
root geometric topology information of Jatropha curcas L.. Results show that compared with water stress factor 
which is 0.9, the root space structure of Jatropha curcas L. is better, dry matter mass and water use efficiency  were 
significantly higher when water stress coefficient is 0.7. The results provide a reasonable basis for irrigation in the 
energy plants Jatropha curcas L.. 
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1. Introduction 
 Virtual plant technique has become one of the hotspots topics of agricultural scientific research fields 
since the 1980s, along with computer technology and computer graphics. Plant roots as an important 
organ exchange matter and energy with the outside world, which is difficult to make direct observation 
due to the complexity of its environment and  invisibility, but we have a better understanding of root 
morphology, function and structure by building three-dimension display model of plant roots and visual 
expression with the computer [1-2]. In recent years, both at home and abroad, many scholars have done a 
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lot of researches around the field crops' visualization simulation for plant root, e.g. wheat, corn, soybean 
and fruit tree [3-6]. Jatropha curcas L. is a valuable multi-purpose plants, which help to alleviate soil 
degradation, desertification and degradation of the forest, you can use its production to make biofuels to 
replace diesel, so it are considered as the most promising species of raw material, can also be used for 
soap production and climatic protection, improving the ecological environment, therefore, it caused 
widespread concerns by many scholars at home and abroad.  
At home and abroad, many scholars have done a large number of researches on Jatropha curcas L. 
growth, physiological characteristics, the yield, quality, drought resistance and other aspects under the 
different water stress [7-9]. However, the root morphological structure of three dimensional 
reconstruction and visible simulation for the Jatropha curcas L less reported under different water 
stress.Thus, based on the root topology structure, and the technique of geometric and computer 
visualization model, establish a root simulation models can quantitative describe the root morphology-
change, distribution and growth of the Jatropha curcas L. by observation and analysis, extract root 
morphological characteristics parameter, which are help to provide the theoretical basis for the roots of 
Jatropha curcas L. absorption and utilization to water and fertilizer and resistance ability to drought-
stress. 
2. Materials and methods 
The experiment was conducted in a greenhouse without temperature controlling equipment in Faculty 
of Modern Agricultural Engineering, Kunming University of Science and Technology under natural light 
condition from March to September in 2011. Jatropha curcas L. seedlings were transplanted to the 
experimental pots (30 cm in diameter at the top edge, 22.5 cm in diameter at the bottom, 30 cm in depth) 
on March 12, 2011 after growing one year from dry-hot valley in yuanmou, the pots fill with 13kg red 
loam by natural air-dry soil before it had pass through 2 mm sieve, the depth is 5 cm from soil surface to 
top edge, Jatropha curcas L. seedlings with homogeneous growth were selected from 180 pots to do 
water stress treatments after 86d for nursery. Four water stress treatments included, i.e. 30%, 50%, 70% 
and 90% of the field capacity, respectively, and irrigation cycle is 7 days. 
3. The three dimensional-model of Jatropha curcas L.root  
3.1. The growth law of Jatropha curcas L.root  
The root of Jatropha curcas L. belongs to direct root with distinct main root and lateral roots, and root 
morphology, physiology, development are different. Root architecture shows that the same root 
distribution in different types growth media, including geometric configurations and three dimensional 
configuration [10]. The plane geometry configuration is the distribution of different types of root in the 
same plane, include Herringbone branches, Dichotomous branches and Dichotomous-herringbone 
branches, as shown in Figure 1. 
Three dimensional geometry configuration refers to space form and distribution of different types of 
root in the space. Plane geometry is the basis of spatial configuration. Straight roots of plants with the 
following morphological features and growth characteristics, main root has only one, with a fixed 
intersection angle, mainly to extend growth after a certain length, produce lateral roots interval, lateral 
root growth similar to the main root, and begin the form of two lateral root, followed the formation of the 
complex network of underground roots. Meristem capacity of main root and lateral root are more in line 
according to the feature of Jatropha curcas L, the development of each level in the same type of lateral 
roots is a similar proportion (split-root angle, length, root thick, etc), which provide a theoretical basis for 
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using geometric structure description of geometry and topology information of Jatropha curcas L.. 
3.2. Jatropha curcas L. root topology and geometry description 
Plant roots is a branching structure, like a reversed axial tree, between the root branch have a certain 
amount of self-similarity at all levels. It consists of a root (tree root), trunk (main axis) and branches 
(lateral segment), each part has a label, and in a certain order. An axial tree from the starting root 
node to the end node formed path, has at least one subsequent node in the path are called inner nodes 
(internodes);  end edge is called the top (apex) , next to the trunk and the branches followed by level 
0, level 1, level 2, and so on, as shown in Figure 2. 
            
(a)Herringbone branches; (b)Dichotomous branches;                                                                 
(c)Dichotomous-herringbone branches  
Fig.1.Several plane geometric architectures of root system;                      
 Fig.2.Jatropha curcas L.root morphology characteristics  and topology 
In accordance with the above topology model combined with the morphological feature and growth 
characteristics of Jatropha curcas L., the root of Jatropha curcas L. as a composition of axes, axes is 
made up of main roots and an unlimited number of lateral roots and has a certain level. Each level of the 
formation of the root all follow the same way: level 1 lateral root connected to the main root, level 2 
lateral root connected to the level 1 branch, a class constantly split-root derivative. The occurrence and 
development of Jatropha curcas L. root morphology is in accordance with its self-similar root growth and 
development parameters. Therefore, using the method of geometric model of Jatropha curcas L. root 
topology and geometry is ideal. This article based on the root growth characteristics of Jatropha curcas 
L., defines 3 kinds of roots: main root, lateral roots, and two lateral root. 
Based on morphological and growth characteristics, the study on external environmental factors just 
considers the effect of different irrigation caused by root only configuration changes. According to field 
moisture capacity, setting water stress factor of the root growth to be 0.3, 0.5, 0.7 and 0.9, respectively, 
simulated the effects on the root growth space under the different water stress. 
As the process of plant root growth will suffer from some factors with a great deal of uncertainty such 
as gravitropism and randomnesss. Suppose the roots system growing in homogeneous soil, in order to 
make the model more authenticity, in the process of building mathematical model by introduced random 
parameters to reflect the randomness of plant roots. The specific method: let the angle of the split-root, 
length and other parameters appropriate before drawing the each split-root, so that the separation of the 
root of the number and split-root interval, split-root angle in a randomly generated within the limits. 
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3.3. The three-dimensional root drawing of Jatropha curcas L.  
In order to draw three dimensional root diagram of the Jatropha curcas L. and enable the simulated 
root have a strong reality sense, and we introduced a computer graphics method to draw root images, 
which will be developed and achieved by the Visual C++ environment with OpenGL 3D graphics library. 
Treat every root as a single axis, assuming circular cross-section is actual root section, each axis is 
divided into numerous segments, each segment as a round table, the length of round table shorter, closer 
to the actual root. Each segment rotated around the direction vector of the same spacing can get a series of 
small triangular, this small triangular approach the round table. In order to vividly show the root surface, 
but also make those small triangles connected, and finally draw a strong reality sense of the root axis at 
all levels. 
4. Data structures and algorithms 
4.1. Root growth 
In order to achieve the effects of root dynamic growth, the system step will be updated in every time, 
at the same time, each segment will be growing both in the radial and axial, and we stored root growth 
topological geometry information by taking root growth of each time step as a separate paragraph. For the 
current root, we will take the root growth increment of the length as parameters to calculate the complete 
increment of the length, and then dynamically allocate memory to store the topological geometric 
information about the growth of new root section, and end by the last paragraph of the current root added. 
The length of Lateral roots calculated by the root growth function, the growing direction of lateral roots is 
migrated because of some effects, such as higher class root growth direction, geotropic and random 
factors [11]. 
4.2. The split-root 
The split-root process will generate a new axis when split-root, the increasing of root axis need the 
relevantly add tree nodes to store relevant information. As shown in Figure 3, the branch direction of the 
root depends on the axial branching angle β and radial branching angle α. When generating a new sub-
root, the split-root line and a pointer pointing to the higher root, sub-root angle, split-root type, split-root 
length and other parameters are named. Set the pointer to the parent and initialized pointer to the sub-
sequence are empty nodes at the beginning of algorithm initialized,. The information of new axial were 
stored in the data area, using axial split-root angle βand radial split-root angleαto calculate the new axes 
branching directions, and then placed the direction to the correct area of the new node, and finally the 
new node is placed in the appropriate location of the parent node in the node column. 
 
Fig.3.Root to the branch of direction 
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4.3. The calculation of the  root geometrical parameters  
Total root length, root volume and root surface area calculation formula such as (1), (2), (3): 
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5. results and discussion 
5.1. The modeling and simulation of Jatropha curcas L. roots under different water treatment 
In order to achieve real-time control of Jatropha curcas L. root growth, and save controlled parameters 
in real time, VC++6.0 for development tools, through recursive programming algorithm established a 
computer simulation system on the Jatropha curcas L. root. Results show that the system can be real-time 
simulation root dynamic growth and distribution process of Jatropha curcas L.. 
Figure 4 shows the simulation of root growth process model of Jatropha curcas L. under different 
water stress factor. Simulation results show that as the coefficient of water stress factor increases in size, 
root gradually thicker and longer, but after water stress factor coefficient reaches a certain value, such as 
water stress factor coefficient greater than 0.7, no significant changes in the basic roots. 
     
                  a             b             c               d 
 (a)water stress factor to be 0.3; (b)water stress factor to be 0.5; (c)water stress factor to be 0.7; (d)water stress factor to be 0.9 
Fig.4.The modeling and simulation of Jatropha curcas L. roots under different water treatment; 
5.2 The dry mass and water use efficiency of Jatropha curcas L. under different water treatment 
 
 
 
 
 
 
 
 
 
Fig.5.The dry mass of Jatropha curcas L. and water use efficiency under different water treatment Figure 5A is the quality of dry 
matter,  figure 5B represent water use efficiency. 
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In figure 5, A and B represent the dry mass of Jatropha curcas L. and water use efficiency under 
different watering treatments. Dry weight of Jatropha curcas L. and shoot dry weight, total dry weight 
and irrigation water use efficiency to maximize value when the water treatment is the W3. Compared to 
higher watering treatment W4, total root mass, canopy dry mass of water treatments for W3 increased by 
2.77% and 0.5%, respectively, but the difference is not significant. Since watering amount of W3 
treatment was smaller, and dry mass achieved higher value, which makes irrigation water use efficiency 
significantly higher than the W4 by 17.6%. 
6. Conclusion 
This paper established a computer simulation system on the effect of different water stress on root of 
Jatropha curcas L. by geometric modeling technology, which based on Visual c++ platform and with the 
OpenGL graphics library. The results show that the model can accurately express the roots morphological 
characteristics and growth rhythm of Jatropha curcas L., and be provided with the simple algorithm, the 
higher efficient and practical. Compared with water stress factor which is 0.9, the root space structure of 
Jatropha curcas L.  is better, dry matter mass and water use efficiency  were significantly higher when 
water stress coefficient is 0.7. 
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